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Abstract 
The gibberellin biosynthesis inhibitor trinexapac-ethyl (Tri-E) can be an 
alternative to control the excessive growth of temperate fruit trees in Brazil. Tri-E 
was tested in ‘Fuji Suprema’ for its effects on shoot growth and fruit quality in two 
seasons in the city of Muitos Capões, RS state, Southern Brazil (28°27’16”S, 
51°07’58”W, alt. 882 m). The trial was conducted in a randomized block design with 
four replications of the following treatments: Tri-E (Moddus® 250 SC) at 200, 250, 
400 and 500 mg/L, Prohexadione-calcium (Pro-Ca, Viviful®) at 125 mg/L and 
Paclobutrazol (PBZ, Cultar® 250 SC) at 125 mg/L, and an untreated control. Shoot 
length was reduced more than 50% by all doses of Tri-E and Pro-Ca in 2011/2012, 
whereas shoot length was reduced 36% by PBZ compared with control. However, in 
2012/2013 shoot length was reduced approx. 20% for almost all doses of Tri-E and 
Pro-Ca in the first year. No differences in yield were observed between treatments 
and the control. A reduction in productivity of plants sprayed with Tri-E compared 
to the control was observed in 2012/2013. However, doses of 200, 250 and 400 mg/L 
Tri-E increased fruit set by more than 60% compared to the control. The results 
indicate that reduced shoot growth of trees treated with Tri-E can provide growers 
with an important tool to reduce pruning costs, however, the use must be considered 
because there was a decrease in productivity. Doses of 200 and 250 mg/L Tri-E 
reduced the vegetative growth of ‘Fuji Suprema’, resulting in firmer fruit and 
higher soluble solids, with no residual effect on post-harvest fruit quality. 
 
INTRODUCTION 
Brazil is among the principal apple producing countries in the world, with 
approximately 38,000 ha producing 1,338,995 t in 2011. (FAO, 2013). However, the 
regions of apple production in Brazil present a mild winter climate and extended growing 
season that result in excessive shoot vigor and shading of spurs within the canopy. 
Shaded buds and spurs have poor supply of carbohydrates, reducing meristematic activity 
and resulting in weak induction and differentiation of flowers. These buds exhibit a 
reduced fruit set and yield potential (Greene, 1999).  
The balance between reproductive and vegetative parts on the apple tree can be 
achieved using cultural techniques such as winter and summer pruning, branch bending, 
and a balanced approach to tree nutrition (Medjdoub and Blanco, 2004). The use of 
dwarfing rootstocks has been one management alternative adapted (Greene, 2007). 
Malling 9 (M.9) interstems have not controlled the vigor of Marubakaido rootstock to a 
satisfactory level (Marcon Filho et al., 2009). 
Plant growth regulators (PGRs) have been an important tool for controlling plant 
size in deciduous fruit species. PGR’s commonly used in fruit trees include the 
gibberellin (GA) biosynthesis inhibitors paclobutrazol (PBZ), uniconazole and 
prohexadione-calcium (Pro-Ca) (Greene, 2008). Pro-Ca belongs to a class of GA 
inhibitors that have the potential to increase the productivity of apple trees and reduce the 
need for pruning (Rademacher, 2000; Greene, 2008). Application of Pro-Ca to apples 
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reduces shoot growth, although the results are dependent on product concentration, date 
of application and the number and frequency of applications (Greene, 2008). Medjdoub 
and Blanco (2004) evaluated increasing concentrations of Pro-Ca in ‘Red Gala’ and 
‘Golden Smoothee’ apples in Spain, concluding that the control of shoot vigor extended 
throughout the period of vegetative growth and resulted in reduced leaf area and canopy 
volume. 
Trinexapac-ethyl (Tri-E) is a growth regulator (acylcyclohexanedione-type) with 
similar plant responses as PBZ and Pro-Ca. Tri-E has similarities in biochemical structure 
with Pro-Ca, but differences in biological action. Whereas Tri-E had been used in 
graminaceous species, Pro-Ca is mainly used in pome fruit trees (Rademacher, 2014). 
Thus, plants sprayed with these PGR’s have difficulty forming biologically active GAs 
and start to synthesize GAs with lower biological activity e.g. GA8, GA17, GA19, GA24, 
leading to a reduction in cell elongation (growth) (Rademacher, 2000). 
Tri-E has been evaluated in Brazil for its effects on vigor control and flower 
induction with positive results in production (Mouco et al., 2011). Application of Tri-E to 
‘Eva’ apple trees in a warm climatic region reduced leaf area and inhibited shoot growth 
(Melo, 2011). However there is not sufficient information describing the effect of Tri-E 
on shoot growth and fruit quality in southern Brazil. 
The objective of these studies was to evaluate the effect of Tri-E in ‘Fuji Suprema’ 
in the growth of extension shoots, fruit production and fruit quality 2011/2012 and 
2012/2013 in southern Brazil. 
 
MATERIALS AND METHODS 
The experiment was conducted in a commercial orchard of ‘Fuji Suprema’ apple 
trees grafted on M.9 interstems and Marubakaido rootstock.  The experiment was located 
in the city of Muitos Capões (28°27’16”S and 51°07’58”1W, altitude 882 m). The 
orchard was planted in 2007, at a density of 2083 trees/ha (1.2×4.0 m). 
The treatments consisted of three PGR’s, applied after full bloom when the mean 
shoot length was 5 cm. Tri-E was tested at 200, 250, 400 and 500 mg/L; Pro-Ca at 125 
mg/L and PBZ at 125 mg/L, and compared to unsprayed treatment. The experimental 
design was a randomized block with four replications of each treatment, and each plot 
consisted of 5 trees, one buffer in each side and 3 evaluated in each plot. A single 
application of each treatment was made on 17 Oct 2011 and 17 Oct 2012 in a spray 
volume of 800 L/ha with an airblast sprayer.  The same trees receive the same treatments 
in each year. The average temperature during the application was approximately 20.3°C 
with sunny conditions. 
Shoot length was measured on six selected shoots per plot on each tree 52 days 
after application in each year. The percent growth reduction was calculated according to 
the method described by Abbott (1925) i.e., ((length of the control tree branches - length 
of treatment tree branches) / length of the control tree branches) * 100. 
Fruit set was measured by counting flower number per cluster on two branches per 
tree at full bloom, divided by the fruit number 60 days after full bloom.  
The fruit were harvested on 29 Mar 2012 and 23 Mar 2013.  Total fruit yield per 
tree was measured and a random sample of 20 fruits was removed to evaluate treatment 
effects on equatorial diameter (mm), length (mm), flesh firmness (N), and juice soluble 
solids (°Brix). Tri-E residues in fruit were determined at the doses of 250 and 500 mg/L. 
Four replicate samples (approx. 2 kg each) were collected from each dose for residue 
testing. 
Shoot length and fruit quality data were subjected to analysis of variance and 
treatment effects compared using the Scott-Knott test at a P<0.05 significance level. 
Regression analysis was used to test for a dose response of Tri-E. Analyses were 
performed using Assistat software (Silva, 2006). 
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RESULTS AND DISCUSSION 
Tri-E and Pro-Ca reduced shoot length by more than 50% compared to the control 
in 2011/2012. In the second year Tri-E and Pro-Ca were less effective, reducing shoot 
length by only 21, 26 and 23% at 200, 250 and 500 mg/L, respectively, and Pro-Ca by 
only 10% compared to the control (Table 1). Tri-E reduced 45% of the shoot length at 
400 mg/L in 2012/2013, however, it was the treatment that most reduced yield (15.2 t/ha) 
and fruit size, as well as at all Tri-E rates (Tables 2 and 3). The Tri-E was effective to 
reduce vegetative growth, on the other hand, it reduce significantly the productivity and 
fruit size at all rates tested. These effects were not observed on Pro-Ca treatment. The 
same results were reported by Hawerroth and Petri (2014), spraying Pro-Ca in ‘Fuji 
Suprema’ and other apple cultivars by Costa et al. (2004) and Evans et al. (1999), to 
which the application of Pro-Ca reduced the vegetative growth without effect on 
productivity or fruit quality.   
In the present study we observed that Tri-E controlled shoot growth for at least 52 
days after application, indicating similar efficacy to Pro-Ca (Evans et al., 1999). The 
effect of Tri-E on vegetative growth in Mangifera indica ‘Tommy Atkins’ was found to 
persist until 45 days after application (Mouco et al., 2011). In contrast, Melo (2011) 
reported that Pro-Ca controlled shoot growth in ‘Eva’ apple trees for up to four weeks, 
and that reapplication was required for sustained control of tree vigor. These results show 
that there are differences between the effect of GA inhibitors, between species, varieties, 
doses and time of application. 
PBZ reduced shoot length in 2011/2012, but was less effective than Tri-E and Pro-
Ca. In contrast, PBZ was without effect on shoot growth 2012/2013. The reduced efficacy 
of PBZ compared to the other GA inhibitors tested may be related to its higher activity 
when applied to the soil, as compared to foliar application. However, foliar uptake of 
PBZ can occur in certain tissues, resulting in translocation to branches and foliage 
(Rademacher et al., 2004). 
There was a significant curvilinear effect of Tri-E dose on shoot length of ‘Fuji 
Suprema’ in both years (Y = 0.000079x2 – 0.023x + 27.33, R2 = 0.98 in 2011/2012; and 
Y = 0.0000043x2 – 0.013x + 28.00, R2 = 0.88 in 2012/2013), with an optimum dose 
between 250 and 400 mg/L. However, the shoot length response to the lowest doses (200 
and 400 mg/L) was reduced by over 50 and 20% in the first and second year, respectively, 
which does not justify the use of higher doses. Alternatively, the time of application may 
have been too late in the second year because the shoots were long. Similar dose-response 
trends to Tri-E were also reported for Pro-Ca by Medjdoub and Blanco (2004) in ‘Golden 
Delicious Smoothee’ and Ramirez-Rodriguez et al. (2003) in ‘Royal Gala’, indicating 
greater efficacy with increasing concentration. 
The reduction in shoot growth in all treatments, in both studied years, except PBZ 
in 2012/13, indicates that growth regulators can be an important management tool for 
pruning (Byers and Yoder, 1999). Reduction of vegetative growth can result in a more 
favorable balance between vegetative growth and fruit production, resulting in improved 
air circulation and greater penetration of light into the tree canopy and a reduced labor 
requirement for summer pruning and winter pruning and better fruit formation in the year 
of application (Evans et al., 1999). Melo (2011) also reported decreased need for pruning 
of ‘Eva’ apple trees treated with Pro-Ca due to a reduction of crown density (due to 
reduced development of ‘suckers’). 
Tri-E reduced shoot length by more than 50% in 2011/2012, indicating that the 
cost of pruning may also be reduced.  The cost of pruning in the orchard in which the 
experiment was carried out is approximately US$400/ha. Thus, the labor savings resulting 
from a single application of Tri-E may be approx. US$200/ha. 
There was no significant effect of treatment on fruit set (Table 3). These results 
are different to those of Costa et al. (2004), who reported increases in fruit set associated 
with inhibition of shoot growth, due to reduced competition between shoots and 
developing fruit. 
There were significant effects of Tri-E on yield, fruit length, fruit diameter, fruit 
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firmness and soluble solids content of ‘Fuji Suprema’ apples. In the first year, any PGR 
caused negative effect on fruit production, but in the second year all rates of Tri-E 
reduced yield. This effect may be due to a negative effect on return bloom, because high 
rates of Tri-E may also inhibition of ethylene formation (Rademacher, 2014). 
All doses of Tri-E reduced fruit length in 2011/2012 whereas in 2012/2013 there 
was no effect of Tri-E on fruit diameter. However, all doses of Tri-E increased fruit 
firmness and soluble solids compared to the other treatments in 2012/2013 (Table 2, 
Table 3). PBZ and Pro-Ca did not affect fruit length, fruit diameter, fruit firmness or juice 
soluble solids, in agreement with previous results (Medjdoub and Blanco, 2004). There 
was a negative linear effect of Tri-E rate on fruit length and fruit diameter, and a positive 
linear effect on fruit firmness (Table 2). 
No residues of Tri-E were detected in fruit from application of 250 or 
500 mg/L. This result indicates that application of Tri-E after full bloom had its residual 
effect before the harvest of the fruit. 
 
CONCLUSIONS 
These studies demonstrate that shoot growth of apple tree ‘Fuji Suprema’ was 
reduced by Tri-E spray.  Application of Tri-E at 200 and 250 mg/L reduce the vigor of 
‘Fuji Suprema’, resulting in firmer fruit and higher soluble solids, with no residual effect 
on post-harvest fruit quality. 
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Tables 
 
 
 
Table 1. Effect of GA biosynthesis inhibitors on shoot length and reduction of growth of 
‘Fuji Suprema’ in southern Brazil in the 2011/2012 and 2012/2013 growing seasons.  
 
Treatments a.i. (mg/L) 
Shoot length  
(cm)  
Growth reduction  
(% of control) 
11/12 12/13  11/12 12/13 
Tri-E 200 12.7 c 21.8 b  52.6 20.5 
Tri-E 250 12.4 c 20.8 b  53.7 26.1 
Tri-E 400 13.0 c 15.2 c  51.5 45.3 
Tri-E 500 12.6 c 19.9 b  53.0 23.1 
PBZ 125 17.1 b 26.7 a   36.2 10.2 
Pro-Ca 125 11.7 c 20.7 b  56.3 9.2 
Control - 26.8 a 27.5 a  - - 
CV (%) 36.4 16.6  -  
Tri-E: trinexapac-ethyl; PBZ: paclobutrazol; Pro-Ca: prohexadione-calcium. Averages followed by the 
same letter do not differ significantly by Scott-Knott test (P<0.05). 
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Table 2. Qualitative and quantitative parameters evaluated in apples harvested from plants 
of ‘Fuji Suprema’ sprayed with GA biosynthesis inhibitors in southern Brazil in the 
2011/2012 and 2012/2013 growing seasons. 
 
Treatments a.i (mg/L) 
Fruit length 
(mm) 
Fruit diam. 
(mm) 
Fruit firmness 
(N) 
Soluble solids 
(°Brix) 
11/12 12/13 11/12 12/13 11/12 12/13 11/12 12/13 
Tri-E 200 53 b 55 a 65 b 65 ns* 80 ns 76 a 16 ns 18 a 
Tri-E 250 53 b 52 b 66 a 64 80 80 a 16 20 a 
Tri-E 400 52 b 52 b 64 b 64 85 80 a 16 19 a 
Tri-E 500 49 b 55 a 61 b 65 89 80 a 16 18 a 
PBZ  125 57 a 55 a 68 a 65 80 67 b 16 14 b 
Pro-Ca 125 59 a 55 a 70 a 67 80 67 b 17 15 b 
Control - 60 a 52 b 70 a 62 80 67 b 17 16 b 
CV (%)  4.7 4.4 5.0 3.3 6.7 8.8 7.4 16.7 
Effect of Tri-E dose         
Linear *1 *2 *3 *4 *5 *6 ns ns 
Tri-E: trinexapac-ethyl; PBZ: paclobutrazol; Pro-Ca: prohexadione-calcium. Averages followed by the 
same letter do not differ significantly by Scott-Knott test (P<0.05). 
ns: not significant. 
*1Y = - 0.004x + 87.79/ R2 = 0.92; 2Y = - 0.004x – 69.57/ R2 = 0.93; 3Y = - 2.698x + 77.15/ R2 = 0.91; 
4Y = - 0.004x2 – 69.57/ R2 = 0.93; 5Y = - 0.001x + 22.38/ R2 = 0.77; 6Y = - 0.001x – 17.41/ R2 = 0.76. 
 
 
 
 
 
Table 3. Effects of GA biosynthesis inhibitors on productivity and fruit set, of ‘Fuji 
Suprema’ apple trees in seasons 2011/2012 and 2012/2013, in Southern Brazil. 
 
Treatment a.i. (mg/L) 
Yield (t/ha)1 Fruit set (%) 
11/12 12/13 12/13 
Tri-E 200    51.2 ns 37.9 b 31.9 ns 
Tri-E 250 36.4 32.6 b 30.0  
Tri-E 400 47.5 15.2 b 32.8  
Tri-E 500 66.1 34.3 b 18.9  
PBZ  125 53.7 65.8 a 24.7  
Pro-Ca 125 59.0 61.0 a 23.8  
Control - 58.3 75.9 a 19.7  
CV  34.0 23.8 22.8 
1Yield was estimated based on a density of 2,083 trees/ha. Averages followed by the same letter do not 
differ significantly by Scott-Knott test (P<0.05).  
ns: not significant. 
 
	
